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METHOD TO FABRICATE SURFACE P-CHANNEL CM0S 



Field of the Invention 
The invention relates to the fabrication of semiconductor devices, such as 



'0, 



dynamic random access memory devices, and more particularly to patterning and ' 
fabrication surface p-channel transistor devices. 



5 Background of the Invention 

Complementary metal-oxide-semiconductor (CMOS) technology is widely used 
in integrated circuits (ICs) due to the lower power consumption as compared to 
previously preferred NMOS or Bipolar ICs. CMOS is so named because it uses both p- 
and n-channel transistors in its ICs. However, fabricating both p-channel and n-channel 
10 transistors on the same IC adds a number of processing steps to the IC fabrication 
process. 

The n-channel devices typically require n+ poly silicon gate material to set the 
correct turn-on voltage (threshold). The p-channel devices can be either a buried channel 
or surface channel device depending on whether n+ or p+ poly silicon is used for the gate 

15 material. When a p-channel transistor uses the same n+ poly silicon material as the 
NMOS device, then it is considered to be a buried p-channel device and the subsequent 
fabrication process becomes cost-effective. As a result, buried p-channel devices were 
predominantly used in DRAM and SRAM technologies. The disadvantage of buried p- 
channel devices is that they are slow (lower current drive) and have non-scalable 

20 threshold voltages. DRAM's, till recently, decided to stay with the buried p-channel 
transistors since it kept the rest of the processing in the array and peripheral n-channel 
transistors simpler. On the other hand, to achieve higher speed and voltage scalability the 
SRAM's elected to switch to surface p-channel devices. CMOS with surface p-channel 
transistors, however, needed a hardened gate oxide and two separate formations of gate 

25 poly silicon (n+ and p+) resulting in an extra masking step. With the addition of across 
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